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1, INTRODUCTION 

Technology nowadays have made everything become light and compact, and it 1s also applied to 
Unmanned Aerial Vehicle (UAV). An Unmanned Aerial Vehicle (UAV), commonly known as a drone or 
unmanned aircraft system (UAS) is an aircraft without a human pilot aboard. The flight of UAV’s may be 
controlled by various kind of methods, either by a given degree of remote control from an operator located on 
the ground or in another vehicle or fully autonomously using on board computer. UAV is required to 
establish several links for communications such as telemetry, tele-command or GPS, and in order to do so, 
UAV needs antennas to receive and transmit those different signals to communicate. The antennas used in 
UAVs must have small form factor and lightweight, where it does not affect the UAV aerodynamic 
characteristics and at the same time, improve the power management efficiency by providing such high gain 
and directional radiation pattern. Antenna technology for unmanned aerial vehicle has been developed 
rapidly according to the world aviation and aircraft demand. There are many types of antennas with different 
specification that can meet the aircraft ability and requirements. 

A compact and lightweight microstrip patch antenna is preferred and used in radar system and 
unmanned aerial vehicle as proposed in [1]-[5]. Research in [6]-[10], states that several criteria should be 
considered as parameter for the antenna such as its mechanical or thermal stability, frequency, bandwidth, 
antenna radiation pattern, and easy integration into UAV structure. Based on research done by H. Jairam 
[11], a novel blade antenna has been designed to operate at 2.8 GHz frequency. The results stated that the 
return loss is -10 dB over the 4 % bandwidth and the radiation pattern is tilted away from normal direction of 
propagation by 30°. It is necessary to dynamically steer the radiation pattern of the antennas for a best quality 
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of service, avoid interference, secure system, proper coverage and power saving. A research in [12] proposed 
a fan blade shaped antenna for wideband circular polarization. The antenna has a 3 dB axial ratio bandwidth 
from 2.41-2.49 GHz resonant frequency. A bi-quad antenna is proposed for a long range surveillance system 
with a frequency range of 433 MHz to 435 MHz in [13]. However, 3D structure increase the complexity and 
size of incorporating the bi-quad antenna in the UAV system. In [14], a wideband waveguide and horn 
antenna using 3D printing technology is presented. The antenna structure covering 7.5 GHz to 18 GHz is 
embedded in the UAV wing. Meanwhile, a wideband low profile planar antenna for UAV application has 
been proposed in [15]-[17]. The cloverleaf antenna is likely the best over other choices to incorporate into the 
UAV system because of its compact size, low profile structure, inexpensive material and ease of mounting on 
the UAV system. In addition, the high gain and direction radiation pattern enhance the communication 
reliability and reduce the free space loss in the radio link between UAV and ground station. 

In this paper, cloverleaf antennas with a different number of blades are analyzed, and their results 
are presented. 3-blade and 4-blade cloverleaf antennas operate at 2.45 GHz and FR4 is used as the material to 
fabricate the proposed antennas to achieve compactness and lightweight. Furthermore, the directional 
radiation pattern is achieved by incorporating a reflector to avoid interference, secure system, proper 
coverage and power saving. Moreover, the gain is enhanced by 4.01 dBi thereby the free space path loss can 
be alleviated. Consequently, the proposed antenna is suitable to be placed underneath an unmanned aerial 
vehicle (UAV) for optimizing the communication between the UAV and the ground stations. 


2. ANTENNA DESIGN 

Two types of cloverleaf antenna design have been proposed. The first design is 3-blade cloverleaf 
antenna and the second design is 4-blade cloverleaf antenna. Figure | and Figure 2 illustrates the geometry of 
3-blade and 4-blade cloverleaf antenna, respectively. In addition, the dimension of both proposed antennas 
are tabulated in Table 1. The FR4 material is chosen due to its rigid structure and inexpensive. The thickness 
of the FR4 material is 1.6 mm while for the transmission line and antenna blade has a thickness of 0.035 mm. 
The FR4 material has dielectric permittivity of 4.3 with tangential loss of 0.019. Each blade of the cloverleaf 
antenna has an approximate length of | Ao (An = a+ b+ g) at 2.45 GHz. Via is used to connect the front and 
back blade. The front circular patch and the ground plane circular patch are optimized to get the best return 
loss possible. 

Furthermore, both proposed antennas are incorporated with a reflector in order to obtain directional 
radiation pattern. The reflector is placed in such a way that is facing the ground plane of the proposed 
antenna. The gap between the proposed antenna and the reflector 1s 28.4 mm which is approximately (,/4 at 
the frequency of 2.45 GHz. The radius of the reflectors for both proposed antennas are 80 mm. 
The fabricated proposed antennas are illustrated in Figure 3. 





(a) (b) 


Figure 1. Geometry of 3-blade cloverleaf antenna (a) front view and (b) back view 


Table 1. Dimension of the Proposed Antenna 


Parameter 3-blade cloverleaf antenna (mm) 4-blade cloverleaf antenna (mm) 
a 44 40 
b 44 40 
Cc 5 3 
d 23 25 
e fi 11 
g 44 40 
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Figure 3. Fabricated proposed antennas where (a) 3-blade cloverleaf antenna, (b) 4-blade cloverleaf antenna, 
(c) 3-blade cloverleaf antenna with reflector and (d) 4-blade cloverleaf antenna with reflector 


3. RESULTS AND DISCUSSION 

The results are compared between the simulation results obtained using the CST software and the 
measurement results obtained from the vector network analyzer. The simulated and measured return losses 
for the proposed antennas are shown in Figure 4 to Figure 7. Figure 4 shows the return loss of the 3-blade 
cloverleaf antenna while Figure 5 shows the 4-blade cloverleaf antenna. In addition, Figure 6 and Figure 7 
show the results of return loss of 3-blade cloverleaf antenna with reflector and 4-blade cloverleaf antenna 
with reflector, respectively. The simulated and measured return losses are less than -10 dB for all proposed 
antennas. The measured resonant frequency of all proposed antennas are shifted to the higher frequency 
region with an average shift of 100 MHz. This is due to the inconsistency of the FR4 material 
permittivity value. 

The simulated radiation patterns of all proposed antennas are shown in Figure 8 to Figure 11. 
The radiation patterns of 3-blade and 4-blade cloverleaf antennas are considered as near to omni-directional 
while the 3-blade and 4-blade cloverleaf antennas with reflector has directional radiation pattern. 3-blade and 
4-blade cloverleaf antenna has a gain of 2.643 dBi and 2.096 dBi respectively. However, the 3-blade and 4- 
blade cloverleaf antenna with reflector has higher gain which is 6.474 dBi and 6.297 dBi respectively. 
The 3D radiation patterns for all proposed antennas are illustrated in Figure 12. As observed, the proposed 
antenna with reflector has higher gain and directional radiation pattern which is suitable for UAV. 
The proposed antenna is recommended to be mounted underneath the UAV for better coverage between the 
UAV and ground station. The UAV is a movable object and this leads to different angles that built with 
ground stations, thereby the steering of the antenna’s main beam is very important to adapt with moving of 
the UAV. However, this design provides fixed beam switching angle and this issue can be solved by 
embedded switching devices such as (PIN diodes or Varactor diodes) to continues steer the main beam of the 
cloverleaf antenna 
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Figure 4. Measured and simulated reflection 
coefficient of 3-blade cloverleaf antenna 
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Figure 6. Measured and simulated reflection 
coefficient of 3-blade cloverleaf antenna with 
reflector 
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Figure 8. Simulated radiation patterns of 3- 
blade cloverleaf antenna 
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Figure 9. Simulated radiation patterns of 4- 
blade cloverleaf antenna 
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Figure 10. Simulated radiation patterns of 3- Figure 11. Simulated radiation patterns of 4-blade 
blade cloverleaf antenna with reflector cloverleaf antenna with reflector 
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Figure 12. 3D radiation pattern for (a) 3-blade cloverleaf antenna, (b) 4-blade cloverleaf antenna, 
(c) 3-blade cloverleaf antenna with reflector and (b) 4-blade cloverleaf antenna with reflector 


4. CONCLUSION 

Two types of cloverleaf antenna design at 2.45 GHz cloverleaf antenna for unmanned aerial vehicle 
(UAV) are proposed. Those two antenna designs are 3-blade omni-directional cloverleaf antenna and 4-blade 
omni-directional cloverleaf antenna. Furthermore, the proposed antennas are then being incorporated with 
reflector in order to achieve higher gain and directional radiation pattern. The antenna operates at the 
frequency range of 2.4 GHz to 2.50 GHz with return loss less than -10 dB. The low profile structure, high 
gain, and directional radiation pattern of the proposed antenna makes it compact and suitable to be deployed 
on an UAV for reliable communication between UAV and ground station. 
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